Forty-eight commercial hybrid gilts were used to investigate the response relationships between energy intake and deposition of protein and lipid in body components of finishing pigs (45 to 85 kg) as affected by previous nutrition. Two groups of 24 gilts received a single diet either at 2.2 (restricted pigs) or 3.7 (control pigs) times maintenance ( M ) from 20 to 45 kg. From 45 to 85 kg, pigs from each of these two groups were fed the same diet at one of six intake levels (1.7, 2.2, 2.7, 3.2, or 3.7 × M, or ad libitum). At 85 kg, the gilts were dissected and analyzed. Protein content in the whole body decreased curvilinearly from 190 to 166 g/kg ( P < .001) and lipid content increased from 116 to 210 g/kg ( P < .001) with increasing energy intake. The mean content of protein was 6 g/kg higher and of lipid 29 g/kg lower (both P < .001) in previously restricted gilts. Protein ( P D ) and lipid deposition ( L D ) in the whole body, organs, lean, and fat tissue increased linearly ( P < .001) with increasing energy intake. In the whole body, PD increased from 83 to 187 g/d and LD from 46 to 392 g/d. The respective response relationships in grams/day were PD = 21.8 + 3.78 × DEI and LD = −193 + 13.7 × DEI (DEI is digestible energy intake, MJ/d). The LD:PD ratio increased curvilinearly from .6 to 2.2. Previous nutrition had only small effects on PD and LD. Only PD in the organs was on average 7 g/d higher ( P < .001) in previously restricted gilts. Thus, the higher protein content and the lower lipid content in previously restricted gilts was not primarily the results of compensation but was almost entirely present at the end of the restriction phase at 45 kg.
Introduction
The assignment of dietary energy above maintenance to protein and lipid accretion in growing pigs is largely determined by the relationship between energy intake and protein deposition (Whittemore and Fawcett, 1976) . It is not clear how this relationship is affected by BW and previous nutrition. Black and Griffiths (1975) reported that in lambs the slope between protein deposition and energy intake falls with increasing BW, but data on the effect of BW on this slope in pigs are scarce. Furthermore, Campbell (1988) suggested that a plateau in protein deposition could be reached in finishing pigs rather than in growing pigs, but it may be that due to genetic improvements even heavier pigs of an improved strain cannot reach a plateau of protein deposition.
Several authors have reported an increased gain after a period of feed restriction (Bikker et al., 1996) . The effect of a previous restriction on subsequent protein and lipid deposition, however, is unclear.
In this study, the relationship between energy intake and deposition and distribution of body protein was determined in finishing gilts (45 to 85 kg) in relation to the feeding level from 20 to 45 kg. The results will be compared with those of growing gilts (20 to 45 kg) of the same genotype (Bikker et al., 1995) to investigate whether the distribution of dietary energy is affected by the BW of the pigs.
Experimental Procedures
Animals and Feeding. Forty-eight gilts with an average BW of 21.8 ± .2 kg were allocated among 12 treatment combinations in a 2 × 6 factorial arrange-ment. The respective treatments were the level of feeding from 20 to 45 kg, equivalent to 2.2 and 3.7 times energy for maintenance ( M) , and the level of feeding from 45 to 85 kg, equivalent to 1.7, 2.2, 2.7, 3.2, or 3.7 × M, or ad libitum. One experimental diet, based on cereals and soybean meal, with an energy content of 15.1 MJ of DE/kg, was used from 20 to 85 kg for all treatment groups. The composition of this diet has been published previously (Bikker et al., 1995) . The treatment period from 20 to 45 kg will be referred to as the nutritional history and the gilts with the low (2.2 × M ) and high (3.7 × M ) nutritional history will be referred to as restricted and control gilts, respectively. The treatment period from 45 to 85 kg will be referred to as the finishing period or the realimentation period.
The initial body composition of the pigs at 20 and 45 kg was estimated using the data presented in Bikker et al. (1995) . This experiment from 20 to 45 kg was conducted in the same period, under similar experimental conditions, and with gilts from the same herd as in the present study.
Slaughter Procedures and Carcass Analysis. At a live
weight of 85 kg, the gilts were killed by electrical stunning and exsanguination. Body components were collected and stored as described by Bikker et al. (1995) . The bodies were dissected into three fractions or tissue groups, referred to as the organ, lean, and fat fractions. The organ fraction comprised the blood and all organs, including mesenteric fat. The lean fraction comprised the ham, shoulder, and loin, all without subcutaneous fat, and meat scraps. The fat fraction comprised all other carcass part and consisted mainly of backfat, belly fat, other fat depots, head, feet, and tail (Bikker et al., 1995 (Bikker et al., , 1996 . The different fractions were homogenized and subsampled for proximate analysis as described by Bikker et al. (1995) . Dry matter, nitrogen, lipid, and ash contents in the organ, carcass, lean, and fat fractions were determined as described by Bikker et al. (1995) .
A more detailed description of the experimental procedures has been given in the first paper of this series (Bikker et al., 1996) .
Statistical Analysis. Regression analysis on individual gilt data was used to determine the linear and quadratic effects of feed intake in the finishing period on performance, tissue deposition, and body composition of the gilts. The effects of the nutritional history on intercepts and linear and quadratic terms were determined using dummy variables and a backward elimination procedure, with P < .05 taken as boundary level (Draper and Smith, 1981) . Data were analyzed by the linear (GLM) regression procedure of SAS (1989) .
Results
The effects of energy intake and nutritional history on daily gain, feed efficiency, and deposition rates of carcass, organs, lean, and fat tissue in these gilts have been presented in Bikker et al. (1996) .
Body Composition at 85 Kilograms. At 85 kg, the gilts contained on average 173 g/kg of protein and 180 g/kg of lipid (Table 1) . The composition of all body components was affected by the level of energy intake from 45 to 85 kg. Water and protein content in the empty body, carcass, and lean tissue (Tables 1, 2 , and 3 ) decreased linearly or curvilinearly with increasing levels of energy intake. A quadratic effect on lean tissue protein content tended to be significant ( P = .08). The lipid content in all fractions increased curvilinearly with energy intake. Ash content decreased linearly or curvilinearly in all fractions, apart from ash in the lean tissue, which was not affected ( P > .1) by energy intake. The curvilinear response relationship indicates that the effects of the energy intake level on the body composition were larger at low intake levels than at high intake levels.
The composition of all fractions was influenced by the nutritional history. Tissues of the restricted gilts contained more water and protein and less lipid at 85 kg BW than tissues of the control gilts. The difference in composition between restricted and control gilts was small at the lowest intake level and increased with increasing energy intake. This was indicated by an effect of the nutritional history on the slope rather than on the intercept of the relationships between energy intake from 45 to 85 kg and water, protein, and lipid content in the body. On average, the restricted gilts contained 6 g/kg more protein and 29 g/kg less lipid in their bodies than the control gilts.
Retention Between 45 and 85 Kilograms. Deposition rates of protein and lipid in the empty body (Table 4) , carcass, organs, lean, and fat tissue (Table 5 ) increased linearly with increasing energy intake between 45 and 85 kg. Only for protein deposition in the lean tissue was there a tendency ( P = .07) toward a quadratic effect. Average protein deposition in the empty body increased from 83 g/d at the lowest energy level to 187 g/d for gilts with free access to feed. The ratio between lipid and protein deposition ( LD:PD) increased curvilinearly from approximately .6 to 2.2, with the biggest increase at the low feeding levels.
Deposition rates of protein ( PD) and lipid ( LD) in the empty body were not affected ( P > .05) by the nutritional history of the gilts ( Protein deposition in the empty body tended to be somewhat higher (10.5 ± 6.1 g/d, P = .08) in the restricted gilts than in the control gilts. This was mainly due to an increased rate of protein deposition (7.0 ± 1.1 g/d, P < .001) in the organs of the restricted gilts (Table 5) . This difference increased with increasing levels of feed intake. Water and ash deposition in the empty body were higher in the restricted gilts. The higher water retention of these gilts was also largely accounted for by an increased water retention in the organs. (Tables 6 and 7 ). The proportion of protein and lipid deposited in the carcass and lean tissue decreased markedly with increasing energy level, whereas the proportion deposited in the organs and in the fat tissue increased with increasing energy intake. Furthermore, the distribution of protein but not of lipid was affected by the nutritional history. In the control gilts, a bigger proportion of the deposited protein was in the carcass and in the lean tissue, whereas a smaller proportion was deposited in the organs.
Retention Between 20 and 85 Kilograms. Daily gain between 20 and 85 kg BW increased from 446 to 838 g/ d for the restricted gilts and from 499 to 1,123 g/d for the control gilts (Bikker et al., 1996) . In Table 8 , the daily retention of water, protein, lipid, and ash between 20 and 85 kg is presented. The retention of these nutrients increased linearly with increasing energy intake between 20 and 85 kg. At similar average daily energy intake between 20 and 85 kg, lipid deposition (grams/day) was 17.4 g higher ( P < .05) in the restricted gilts, which was indicated by an effect of the nutritional history on the intercept of the linear relationship between energy intake and lipid deposition. Most of this extra lipid was deposited in the fat tissue. Daily water and protein deposition in the organs (data not shown) were 15.8 and 3.0 g higher in the restricted gilts ( P < .001). The rates of water and protein deposition (g/d) in the body were 22 and 6.0 g higher in the restricted gilts, but these differences were not significant ( P > .1). As a result of these effects, body protein content at 85 kg (Table 1 ) was 4.5 g/kg lower in the restricted gilts than in the control gilts, when compared at similar average daily energy intake between 20 and 85 kg. Water content was slightly lower and lipid content was somewhat higher in the restricted gilts, but these differences were not significant.
Discussion

Effect of Energy Intake Between 45 and 85 Kilograms.
Protein and lipid deposition increased linearly with increasing energy intake, with increments of 3.8 and Campbell and Taverner (1988) and Rao and McCracken (1991) . Campbell and Taverner (1988) reported a linear increase in protein deposition to 189 g/d at an energy intake of 41 MJ of DE/d. Rao and McCracken (1991) determined a linear increase in protein deposition to 230 g/d, determined by nitrogen balance, at approximately 38 MJ of DE/d. In the latter two studies, the respective increments in protein deposition were 5.3 and 4.4 g/MJ of DE. Therefore, it was concluded that in male and female pigs intensively selected for lean gain the relationship between energy intake and protein deposition between 45 and 85 kg may be essentially linear up to high levels of feed intake, rather than linear-plateau as reported for unimproved pigs by Campbell et al. (1985) and Dunkin et al. (1986) . However, as illustrated above, considerable differences in the slope and the level of the linear relationship were found between this study and that of Campbell and Taverner (1988) and Rao and McCracken (1991) . These differences were presumably the result of different selection strategies and of differences between male and female pigs. Moreover, selection for leaner and more efficient pigs may result in pigs with a lower feed intake capacity (Kanis, 1990) . This increases the probability that PD max is above limits of appetite and consequently a plateau in protein deposition cannot be determined. The ratio between lipid and protein deposition (LD: PD) increased curvilinearly from approximately .5 at the lowest intake level to 2.2 at the higher intake levels. This increase in LD:PD with increasing energy intake has been reported earlier for young and older pigs (Campbell et al., 1983b; De Greef et al., 1994; Bikker et al., 1995) . Nevertheless, it is often assumed that below PD max the LD:PD is constant and independent of energy intake. This assumption was used in several pig growth models (Moughan et al., 1987; Pomar et al., 1991; Werkgroep TMV, 1991) . Results of our study imply that models based on this assumption will underestimate protein deposition and overestimate lipid deposition at low intake levels.
The curvilinear increase in LD:PD with increasing energy intake caused a curvilinear increase in body lipid content and a curvilinear decrease in body protein content with increasing energy intake ( Tables  1, 2 , and 3). Body composition was relatively constant at the higher feeding levels. These effects of energy intake on body composition were in good agreement with Campbell and Taverner (1988) and Bikker et al. (1995) . In addition, our study showed that these effects of energy intake on body composition were present in all dissected body tissues (carcass, organs, lean, and fat tissue).
Very little information is available concerning the effect of energy intake on the distribution of deposited protein within the body, whereas with regard to human consumption, protein deposited in the lean tissue is the most valuable. In the present study, a quadratic decrease of 18% in the proportion of body protein deposited in the lean tissue was found when energy intake increased from the lowest to the highest feeding level (Table 6 ). An increasing proportion of the deposited protein was found in the organs and, to a lesser extent, in the fat tissue. Based on linear regression analysis, we found that for each extra gram of deposited protein with increasing energy intake, 25% was deposited in the organs, 39% in the lean tissue, and 37% in the fat tissue. The drop in the proportion of protein deposited in the lean tissue with increasing energy intake agreed with the results of growing female pigs in Bikker et al. (1995) and with the results of growing and finishing male pigs of similar genotype in De Greef and Verstegen (1993).
In conclusion, protein and lipid deposition increased linearly and LD:PD and lipid content increased curvilinearly with increasing energy intake. The proportion of body protein deposited in the lean tissue decreased with increasing energy intake. These results imply that maximization of protein deposition is accompanied by a deterioration in body composition, even in pigs of improved genotype.
Effect of the Nutritional History. Several authors
reported an effect of a previous restriction in feed intake on body gain in the realimentation period, as discussed in Bikker et al. (1996) . However, information on the effect of a feed restriction in the growing period on protein and lipid deposition in pigs in the finishing period was not available. In this study, the previous feed restriction had only a small, insignificant effect on daily rate of whole-body protein deposition. This effect was largely caused by a higher rate of protein deposition in organ tissue between 45 and 85 kg in the restricted pigs than in the control pigs. Water retention, but not lipid retention, in the organs also was higher in the restricted pigs. These differences between the restricted and control pigs increased with increasing energy intake, indicating a functional hypertrophy of metabolically active organs with increasing feed intake. These results are in good agreement with Carstens et al. (1991) , who reported compensatory gain in steers after a period of feed restriction. This compensation was largely caused by an increased gut fill and an increase in protein and water retention in non-carcass tissues. Drouillard et al. (1991) found an increase in gain of water, protein, and lipid in visceral tissue but not in non-viscera after a period of energy restriction in lambs. Stamataris et al. (1991) studied the effect of feed restriction between 6 and 12 kg on nutrient retention in pigs with free access to feed from 12 to 24 kg. They reported an increase in feed intake, body gain, and deposition of protein and ash, but predominately of lipid, in previously restricted pigs. In agreement with the present study, this extra protein was deposited in the organs. An increase in the rate of lipid deposition due to the previous restriction was not found in our study. Only the restricted pigs with free access to feed, which had a higher feed intake than the control pigs, used this extra energy for both protein and lipid deposition. The reason for the difference between our study and that of Stamataris et al. (1991) is not clear. Due to a large increase in feed intake, the previously restricted pigs in the study of Stamataris et al. (1991) presumably had reached their maximum protein deposition. It also cannot be excluded that the lipid reserves of these young pigs at the end of the restriction were so low that repletion of these reserves was more necessary than in the present experiment.
With increasing energy intake, protein deposition in the organs of previously restricted pigs was progressively higher than in pigs previously fed at a high energy level. There was no evidence that protein deposition in the carcass is higher due to a previous feed restriction. As a consequence, the distribution of deposited protein was affected by the nutritional history (Table 6 ). In previously restricted pigs, more of the total amount of deposited protein was retained in the organs and less in the carcass and lean tissue. The similar LD:PD from 45 to 85 kg for restricted and control pigs indicated that the distribution of dietary energy between protein and lipid deposition was not affected by the nutritional history. Consequently, the lower lipid content at 85 kg in previously restricted pigs (Table 1) , as found in this study and reported earlier (e.g. Campbell et al., 1983a) , was not primarily the result of compensation in protein or lipid deposition. It was mainly a direct result of the restriction between 20 and 45 kg, which was still present at 85 kg. Finally these results suggest that if PD max has not been reached, an increase in maximum feed intake in the realimentation phase results in an increase in both protein and lipid deposition.
The effect of the nutritional history on overall deposition between 20 and 85 kg can be derived from Table 8 . Average rates of protein and lipid deposition were considerably higher in the control gilts because of their higher feed intake. However, if the gilts were compared at similar daily energy intake, lipid and protein deposition were 17 g/d ( P < .05) and 6 g/d (not significant) higher in the restricted gilts. The calculated daily energy retention was approximately 830 kJ/d higher in the restricted gilts. Possible reasons for this increased energetic efficiency have been discussed in the first paper of this series (Bikker et al., 1996) . It can be concluded that at similar daily energy intake the distribution of the total energy allowance between the growing and the finishing period has only a small effect on tissue deposition.
Effect of Body Weight. Black and Griffiths (1975) concluded that in lambs, nitrogen retention increased linearly with increasing energy intake at a rate that decreased with increasing live weight. Results of nitrogen balance trials with pigs in four weight ranges (Dunkin and Black, 1985) suggested an effect of BW on the relationship between energy intake and nitrogen retention, but the design of that study did not allow firm conclusions to be drawn. To determine the effect of BW on protein and lipid deposition, the results of the present experiment were compared with those obtained with pigs from 20 to 45 kg (Bikker et al., 1995) . These two experiments were conducted simultaneously, with pigs of the same herd, in the same building, using the same experimental diet. The relationships between energy intake and protein deposition, lipid deposition, and LD:PD are presented in Figure 1a , b, and c. Because the nutritional history did not significantly affect protein and lipid deposition in the empty body from 45 to 85 kg, means were calculated for the restricted and control pigs at each of the six feeding levels and plotted in these figures. The slope for protein deposition decreased markedly with increasing BW from 5.77 ± .40 to 3.78 ± .35 g/MJ of DE. Conversely, the heavier pigs retained more lipid with each megajoule of increase in energy intake. The slope for lipid deposition increased from 10.5 ± .59 to 13.7 ± .62 g/MJ of DE. As a result, the LD:PD increased with increasing energy intake from .3 to 1.1 in the growing pigs and from .5 to 2.2 in the finishing pigs. Thus, at similar rates of protein deposition, the finishing pigs retained twice as much lipid as the growing pigs. The increase in LD:PD with increasing BW is in agreement with De Greef et al. (1994) , who reported an increase in LD:PD in male pigs at a low and a high feeding level from 25 to 105 kg. Both the results of their study and the present experiment indicate that the effect of BW on LD:PD was higher at high levels of feed intake.
In the gilts used in this study, BW had a considerable effect on the slope of the relationship between energy intake and protein deposition. However, it may be that depending on the selection strategy, and consequently the genotype of the pig, an effect of BW is expressed mainly on the slope, or on the level of the dose-response relationship between energy intake and protein accretion. In addition, the genotype presumably influences the magnitude of the effect of BW. The reported effect of BW on protein deposition has two important implications. At similar rates of protein deposition, the finisher pigs become fatter than the grower pigs, and because of the higher LD:PD in the finisher pigs, the required protein/ energy ratio in the diet decreases with increasing BW.
Implications
In the gilts used in this study, protein and lipid deposition increased linearly and body lipid content increased curvilinearly with increasing energy intake. Therefore, maximization of protein deposition is accompanied by an increase in lipid content of the body. The increment in protein deposition with increasing energy intake diminished with increasing body weight. Consequently, at similar rates of protein accretion, the lipid deposition increased with increasing body weight. Therefore, finishing pigs become fatter than growing pigs. After a feed restriction in the growing period, compensation in protein retention is likely to occur only in the organs. There was no evidence of a beneficial effect of a previous restriction on carcass protein accretion.
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